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Abstract

Objective: To evaluate the effect of behavioral techniques and physical exercise on psychosocial
functioning and health-related quality of life (HRQoL) outcomes in breast cancer patients and

survivors.

Methods: A meta-analysis was carried out to quantify the effects of behavioral and

exercise interventions on fatigue, depression, anxiety, body-image, stress and HRQoL.

Summary effect sizes and standard errors were calculated. The presence of publication bias was

explored and sensitivity analyses were performed to identify possible sources of heterogeneity.

Results: In total, 56 studies were included. Statistically significant results were found for

the effect of behavioral techniques on fatigue (ES �0.158; 95% CI �0.233 to �0.082,
po0.001), depression (ES �0.336; 95% CI �0.482 to �0.190, po0.001), anxiety (ES �0.346;
95% CI �0.538 to �0.154, po0.001) and stress (ES �0.159; 95% CI �0.310 to �0.009,
p5 0.038). For the effect of physical exercise interventions, statistically significant results were

found on fatigue (ES �0.315; 95% CI �0.532 to �0.098, p5 0.004), depression (ES �0.262;
95% CI �0.476 to �0.049, p5 0.016), body-image (ES 0.280; 95% CI 0.077 to 0.482,

p5 0.007) and HRQoL (ES 0.298; 95% CI 0.117 to 0.479, p5 0.001).

Conclusions: The results indicate that behavioral techniques and physical exercise improve

psychosocial functioning and HRQoL in breast cancer patients and survivors. Future research

is needed on the effect of physical exercise on stress and the effect of the combined intervention

in breast cancer patients.
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Introduction

Breast cancer is the most prevalent cancer in
women worldwide, responsible for 23% of all
cancer cases. In 2002, there were 1.15 million new
cases of breast cancer and approximately 4.4
million women, diagnosed with the disease in the
previous 5 years, were still alive [1]. Early detection
and improved diagnosis and treatment have re-
sulted in increased survival rates [2]. Many women
who survive breast cancer experience a range of
disease and treatment-related problems that are
often persistent in nature, including vasomotor
symptoms, decreased psychosocial functioning and
reduced health-related quality of life (HRQoL)
[3,4]. Over the past several decades, a variety of
behavioral techniques, such as cognitive behavioral

therapy and stress management techniques, and
physical exercise interventions for problems related
to breast cancer treatment have been developed,
many of which have been evaluated in the context
of randomized controlled trials.

Previously, Tatrow et al. [4] published a meta-
analysis of clinical trials of behavioral techniques in
breast cancer, and Markes et al. [5] and McNeely
et al. [6] have done so for trials of physical exercise
programs. The focus of the Tatrow et al. review
was restricted to trials that focused on psycholo-
gical distress and pain as outcomes. The two
overviews of physical exercise trials focused on
interventions, carried out during adjuvant breast
cancer treatment. Both meta-analyses included
studies up to 2006. Since then, several studies have
been published.
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The current meta-analysis included randomized
controlled trials up to March 2009, has a large
sample size, and is more comprehensive than
previously published meta-analyses in terms
of both outcome measures and interventions.
Specifically, it includes the two most prevalent,
non-pharmacologic approaches to enhance psy-
chosocial functioning and HRQoL of women with
breast cancer.

Material and methods

Search strategy

The electronic databases of The Cochrane Library,
Pubmed, EMBASE, CINAHL, Psycinfo and
SportDiscus were searched until March 2009, with
no language restrictions. The search terms used
were related to breast cancer (MeSH terms breast
cancer, breast neoplasm), behavioral techniques
(MeSH terms behavior therapy, cognitive therapy,
mind–body and relaxation techniques, counseling,
social support, hypnosis, biofeedback) [4] and
physical exercise (MeSH terms exercise, physical
exercise, aerobic exercises, physical activity, motor
activity), in combination with the outcome mea-
sures fatigue, depression, anxiety, body-image (self
concept, body image, self esteem, self perception)
stress and HRQoL, all MeSH terms. References
cited in published original and review papers were
examined until no further studies were found.
Eligible for inclusion were randomized con-

trolled trials that addressed the effect of behavioral
techniques or physical exercise on any of the
previously noted outcome measures. Publications
without sufficient quantitative data to calculate the
effect size and corresponding standard error were
excluded. Items of the PRISMA statement on
reporting meta-analyses were checked, where ap-
plicable [7].

Data extraction

Two reviewers (one blinded for authors, publica-
tion year, journal name and acknowledgements)
extracted a range of data from each publication,
including: (1) general information (e.g. geographic
area of the study); (2) characteristics of the study
(e.g. follow-up time); (3) characteristics of the
patient population (e.g. breast cancer stage); (4)
characteristics of the intervention (e.g. type,
frequency and duration) and (5) outcome mea-
sures. Differences between studies on these factors
were employed in sensitivity analyses. Quantitative
data were extracted to calculate effect sizes. Data
on effect size that could not be obtained directly
were recalculated, where possible.

Statistical analysis

Standardized mean differences (SMD) with 95%
confidence intervals were calculated for each study.
SMD is the difference in means divided by the
pooled standard deviation. In case of a small
number of patients, SMD was calculated as
Hedges’ g with adjustment for small sample bias
[8]. A negative SMD usually implies a positive
effect of the intervention, e.g. a lower fatigue score
means less fatigued. Using Cohen’s rules of thumb,
small, moderate and large effect sizes are generally
defined as 0.2, 0.5 and 0.8, respectively [9].
Summary effect sizes and corresponding standard
errors for each outcome measure were pooled with
standard meta-analytic procedures using the Stata
statistical software package [10]. In case of homo-
geneity between studies, fixed effects analyses were
used. Heterogeneity was investigated by evaluating
whether confidence intervals around the individual
effect sizes of pooled studies overlapped suffi-
ciently, using the Cochran’s Q (po0.10) [11]. If
heterogeneity was observed, the summary effect
sizes were pooled with random effects analyses
using the DerSimonian and Laird method [8].
Previous to the overall pooling, intra-study effects
were calculated when an outcome was assessed
with several measures and/or at several points in
time in any given study, or if two studies used the
same study sample. For example, in the study of
Savard et al. [12], depression was measured with
the Hospital Anxiety and Depression Scale, the
Beck Depression Inventory and the Hamilton
Depression Rating Scale. The three effect sizes
and standard errors from these measurements were
combined with intrastudy pooling before the
summary effect size and standard error for depres-
sion was calculated. Data were pooled if at least
two studies on a specific outcome measure were
available.
As studies with significant results are more likely

to be published than studies without significant
results, publication bias was explored with the use
of Egger’s unweighted regression asymmetry test
[13]. This test employs a graphical plot of estimates
of effect versus some measure of their precision for
each of the primary studies. The plot is known as a
funnel plot because studies of smaller size will have
a wider distribution of results than studies of larger
size, due to a higher degree of random variation. If
the possibility of publication is greater for larger
and more positive studies, the smaller negative
studies may not appear in the literature. This may
lead to asymmetry in the funnel [14]. Any evidence
of selection bias would suggest that studies with
negative or inconclusive results remained hidden
and unpublished and consequently were not
included in the overall pooling.
Finally, to explore possible reasons for observed

heterogeneity, in case of random effects analyses,

Copyright r 2010 John Wiley & Sons, Ltd. Psycho-Oncology 20: 115–126 (2011)

DOI: 10.1002/pon

116 S. F. A. Duijts et al.



sensitivity analyses were performed whereby stu-
dies with corresponding characteristics are pooled.
The following study characteristics were included
in these analyses: geographic area of the study,
follow-up time, stage of breast cancer (i.e. stage
0–IIIA defined as non-metastatic breast cancer
versus stage IV defined as metastatic breast
cancer), timing of intervention (i.e. during (D) or
after (A) breast cancer treatment), individual (I) or
group (G) intervention, and frequency and dura-
tion of the intervention.

Results

Study characteristics

The literature search initially identified 171 articles,
115 of which were excluded after initial review for
the following reasons: not a randomized controlled
trial (n5 66), insufficient quantitative data (n5 38),
outcomes of interest not assessed (n5 10) or
interventions of interest not tested (n5 1).
The study characteristics of the remaining 56

studies are presented in Table 1(a) and (b). Thirty-
nine articles examined the effect of behavioral
techniques (Table 1(a)) [3,12,15–51] and 14 articles
addressed the effect of physical exercise on psycho-
social and HRQoL outcomes (Table 1(b)) [52–65].
Three studies investigated the effect of both
behavioral techniques and physical exercise [66–68].
Of the 42 studies that evaluated the effect of

behavioral techniques, 27 were performed in
North-America, 6 in Europe, 5 in Asia, 3 in
Oceania and 1 in South-America. The patient
samples of 33 studies consisted of non-metastatic
breast cancer patients, whereas 4 studies reported
on metastatic patients and 5 studies on a mix of
non-metastatic and metastatic patients. The beha-
vioral techniques took place during breast cancer
treatment in 30 studies and after treatment in 12
studies. In 19 studies, the intervention involved
interventions at the individual level, in 20 studies a
group intervention, and in 3 studies both individual
and group interventions (Table 1(a)).
Of the 17 studies that investigated the effect of

physical exercise, 12 were performed in North-
America, 3 in Europe, 1 in Asia and 1 in Oceania.
Only one study included metastatic breast cancer
patients. In 8 studies, the physical exercise inter-
vention took place during breast cancer treatment
and in 9 studies after treatment. Eight studies
involved individual interventions, 6 studies group
interventions, and 3 studies both individual and
group interventions (Table 1(b)).

Effectiveness of behavioral techniques

Fourteen studies investigated the effect of beha-
vioral techniques on fatigue in breast cancer
patients [12,18,20,21,26,27,29,30,32,42,45–47,68]

A summary effect size of �0.158 was found (95%
CI �0.233 to �0.082, po0.001), which indicates
a positive effect of the intervention on fatigue.
Twenty-three studies investigated the effect of
these behavioral techniques on depression.
A summary effect size of �0.336 was obtained (95%
CI �0.482 to �0.190, po0.001) [12,18,19,21,25–27,
29,30,32,34–36,38–40,43,45–47,49,51,66]. Twenty-
three studies explored the effect of behavioral
techniques on anxiety. Pooling resulted in a
summary effect size of �0.346 (95% CI �0.538 to
�0.154, po0.001) [12,17,19,21,25–30,32,34–36,38,
40,42,43,45–47,51,66] Three studies evaluated the
effect on body-image (ES5 0.827, 95% CI �0.004
to 1.658, p5 0.051) [27,33,35] and 16 studies
assessed the effect of behavioral techniques on
stress (ES5�0.159, 95% CI �0.310 to �0.009,
p5 0.038). [15,17–19,22–24,37,42–44,46,49–51,68]
Results of 27 studies on the effect of behavioral
techniques on HRQoL of breast cancer patients
were pooled. [3,12,15,16,20,22,23,25,26,28,31]-
[33,37,39–42,44–50,67,68] Meta-analytic proce-
dures revealed a summary effect size of 0.045
(95% CI �0.044 to 0.135, p5 0.322), which
indicates a minor, but non-significant, increase in
HRQoL when applying behavioral techniques.
Two studies were combined because the same
patient population was used [45,46]. The results
were obtained with random effects analyses for the
outcome measures quality of life, depression,
anxiety, body-image and stress and with fixed
effects analyses for the outcome measure fatigue
(Figure 1 and Table 2).

Effectiveness of physical exercise interventions

The effect of physical exercise on fatigue was
investigated in 11 studies. A summary effect size of
�0.315 was found (95% CI �0.532 to �0.098,
p5 0.004), which indicates a positive effect of this
intervention on fatigue [53–60,62,63,68]. Six studies
investigated depression (ES5�0.262, 95% CI
�0.476 to �0.049, p5 0.016) [55–57,60,62,66], four
studies evaluated anxiety (ES5�1.133, 95% CI
�2.423 to 0.156, p5 0.085) [55,56,58,66] and seven
studies examined the effect of physical exercise on
body-image (ES5 0.280, 95% CI 0.077 to 0.482,
p5 0.007) [54–57,62–64]. Thirteen studies exam-
ined the effect of physical exercise on HRQoL
[52–58,60,61,64,65,67,68]. A summary effect size of
0.298 was found (95% CI 0.117 to 0.479, p5 0.001)
(Figure 2). Contrary to behavioral techniques,
physical exercise has a positive and significant
effect on HRQoL. As only one study examined the
effect of physical exercise on stress, a summary
effect size could not be calculated [68]. Two studies
were combined because the same patient
population was used [55,56]. All the results were
obtained with random effects analyses (Figure 2
and Table 2).
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Publication bias

For the articles on behavioral techniques, publica-
tion bias was detected for the outcome measure
depression (p5 0.001) and anxiety (p5 0.045)
(Figure 3(a)). No publication bias was observed

for the outcome measures fatigue (p5 0.061),
body-image (p5 0.247), stress (p5 0.222) or
HRQoL (p5 0.123).
With regard to physical exercise, publication bias

was found for two outcome measures, fatigue
(p5 0.009) and HRQoL (p5 0.034) (Figure 3(b)).

Figure 1. Summary effect sizes and corresponding confidence intervals for the effect of behavioral techniques on the outcome
measures health-related quality of life, fatigue, depression, anxiety, body-image and stress
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Table 2. Estimates and significance of effects per intervention

Outcome measure Estimate of effect (95% CI) F or Ra Significance of effect Publ. bias

Behavioural techniques

Quality of life 0.045 (�0.044 to 0.135) Random Z 5 0.99, p 5 0.322 P 5 0.123

Fatigue �0.158 (�0.233 to �0.082) Fixed Z 5 4.10, p 5 0.000 P 5 0.061

Depression �0.336 (�0.482 to �0.190) Random Z 5 4.35, p 5 0.000 P 5 0.001

Anxiety �0.346 (�0.538 to �0.154) Random Z 5 3.41, p 5 0.001 P 5 0.045

Stress �0.159 (�0.310 to �0.009) Random Z 5 2.08, p 5 0.038 P 5 0.222

Body-image 0.827 (�0.004 to 1.658) Random Z 5 1.95, p 5 0.051 P 5 0.247

Physical exercise

Quality of life 0.298 (0.117 to 0.479) Random Z 5 3.23, p 5 0.001 P 5 0.034

Fatigue �0.315 (�0.532 to �0.098) Random Z 5 2.85, p 5 0.004 P 5 0.009

Depression �0.262 (�0.476 to �0.049) Random Z 5 2.41, p 5 0.016 P 5 0.126

Anxiety �1.133 (�2.423 to 0.156) Random Z 5 1.72, p 5 0.085 P 5 0.334

Body-image 0.280 (0.077 to 0.482) Random Z 5 2.70, p 5 0.007 P 5 0.080

aF 5 fixed; R 5 Random

Figure 2. Summary effect sizes and corresponding confidence intervals for the effect of physical exercise interventions on the
outcome measures health-related quality of life, fatigue, depression, anxiety and body-image
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For the outcome measures depression (p5 0.126),
anxiety (p5 0.334) and body-image (p5 0.800), no
publication bias was detected.

Sensitivity analyses

For the behavioral techniques studies, the calcula-
tion of Cochran’s Q resulted in the identification of
heterogeneity in all outcome measures, except
fatigue (p5 0.643) (Figure 1). Sources of hetero-
geneity, based on the extracted qualitative data
could not be identified by means of meta-regression
analysis.
With regard to physical exercise, calculation of

the statistic I2 and Cochran’s Q resulted in the
identification of heterogeneity in all outcome
measures (Figure 2). Sources of heterogeneity that
could be identified by means of meta-regression
analysis for the outcome measure HRQoL were
follow-up time and whether the intervention
consisted of individual or group sessions. A source
of heterogeneity for the outcome measure fatigue
was the timing of the intervention (i.e. during or
after breast cancer treatment). For the outcome
measure depression, follow-up time, exercise fre-
quency and the duration of the intervention were
identified sources of heterogeneity. Sources of
heterogeneity that could be identified for the
outcome measure anxiety were the exercise fre-
quency and the duration of the intervention.
For the outcome measure body-image, exercise

frequency and the duration of the intervention
were sources of heterogeneity.

Discussion

General findings

This meta-analysis provides a comprehensive sum-
mary of studies exploring the effectiveness of a
range of behavioral techniques and physical
exercise interventions, during and after treatment,
on long-term sequelae such as fatigue, depression,
anxiety, body-image, stress and HRQoL in breast
cancer patients and survivors.
Statistically significant, but modest, results were

found for the effect of behavioral techniques on
fatigue and stress, with stronger effects found on
depression and anxiety. No significant effects were
observed for body-image or HRQoL.
For physical exercise interventions, statistically

significant and moderate effects were observed for
fatigue, depression, body-image and HRQoL. The
effect on anxiety was in the expected direction, but
was not statistically significant. Only one study
assessed the effect of physical exercise on stress, and
thus a summary effect size could not be calculated.

Comparison with previous meta-analyses

The results of this meta-analysis are rather consistent
with previously published meta-analyses. Tatrow
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Figure 3. (a) Behavioral techniques: publication bias plots for the outcome measure depression and anxiety. (b) Physical exercise:
publication bias plots for the outcome measures quality of life and fatigue
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et al. [4] reported a statistically significant effect of
behavioral techniques on distress, but not on pain. In
the meta-analysis by Markes et al. [5], an improve-
ment in fatigue was found, but the effect was not
statistically significant. McNeely et al. [6] concluded
that physical exercise is an effective intervention in
improving quality of life and fatigue in breast cancer
patients and survivors. However, these findings were
based on a relatively small number of trials (three
and six studies, respectively).
The current meta-analysis included randomized

controlled trials up to March 2009, has a larger
sample size and is more comprehensive, than the
previously published meta-analyses in terms of
both outcome measures and interventions. Also,
the inclusion of only randomized controlled trials
contributed to high internal validity. The results of
this meta-analysis are important for breast cancer
patients who may experience long-term sequelae
from their treatment, such as decreased psychoso-
cial functioning and reduced HRQoL. The over-
view of behavioral and physical interventions may
be helpful to clinicians and patients alike in
addressing a broad range of symptoms and
functional limitations associated with breast cancer
and its treatment.

Limitations

Notwithstanding these strengths, several limita-
tions of the current study should also be noted.
First, heterogeneity existed in the pooling of almost
all outcome measures, except for the effect of
physical exercise on fatigue. As a consequence,
random effect analyses were used, resulting in
wider confidence intervals and relatively more
weight being given to smaller studies [8]. Second,
we could not identify any significant sources of
heterogeneity of outcomes in the randomized
controlled trials of behavioral techniques.
A potential explanation for this is the variation in
type of intervention, beyond the difference between
individual and group sessions, frequency and
duration of the intervention. As the exploration
of every feature of an intervention is not feasible,
we focused on a few key characteristics of
interventions that clearly differed between studies.
With regard to the behavioral interventions, other
characteristics than the ones we included could be
the cause of heterogeneity. Further research should
be conducted to clarify this matter. Third, publica-
tion bias was found in the randomized controlled
trials of behavioral techniques, for the outcome
measure depression and anxiety, and in the
randomized controlled trials of physical exercise
for the outcome measures fatigue and HRQoL. As
a result, studies with minor or negative results
could be missed. Finally, an effect on psychosocial
functioning or HRQoL is frequently preceded or
accompanied by a change in behavior. For

example, one has to comply with a training
program or with specific exercise advice in order
to achieve the desired outcome (e.g., reduction in
fatigue, improvement in body image or enhanced
quality of life). Very few studies provided complete
information on the intermediate outcome of
behavior change to allow this to be incorporated
in this meta-analysis.

Interpretation of findings

The results obtained from this meta-analysis are
relevant for researchers and practitioners alike.
They highlight areas in which future research is
needed. For example, no studies were found
exploring the effect of behavioral techniques or
physical exercise on vasomotor symptoms and
sexual dysfunction in breast cancer patients.
Further work is needed to better understand and
treat these long-term consequences. For practi-
tioners, results of this meta-analysis can be used to
better inform patients of the psychosocial effects of
breast cancer and its treatment, and to develop
strategies for minimizing or ameliorating those
adverse effects.
The results indicate that a range of behavioral

techniques, including behavioral therapy, cognitive
therapy, education, relaxation, counseling and/or
social support can be used by breast cancer patients
to effectively reduce fatigue, depression, anxiety
and stress. A few examples of key elements, within
these interventions, that are hypothesized to
improve psychosocial functioning and reduce
symptoms include recognition, being taken ser-
iously, and normalization of problems and symp-
toms. They may lead to feelings of relief, and offer
alternative strategies to deal with stress and
psychosocial problems [69]. Further, physical ex-
ercise may increase muscle strength, endurance,
improve blood pressure and cholesterol levels [70]
and influence the central dopaminergic, noradre-
nergic and serotonergic systems [71]. The results of
the current meta-analysis suggest that these phy-
siological effects may influence the outcome mea-
sures of interest, i.e. resulting in reduced fatigue
and depression, improved body-image and im-
provement in overall HRQoL.
No significant effects of behavioral techniques

were observed on body-image and HRQoL, and of
physical exercise interventions on anxiety. For the
latter, a potential explanation is the limited number
of studies focusing on anxiety that were included in
the pooling. An intervention combining both
behavioral techniques and physical exercise may
yield stronger effects, as evidenced by the studies of
Cho et al. [67] and Fillion et al. [68]. The former
study found a statistically significant effect on
HRQoL, while the latter study reported a sig-
nificant effect on fatigue, emotional distress and
physical quality of life.

Behavioral interventions and quality of life in breast cancer patients 123

Copyright r 2010 John Wiley & Sons, Ltd. Psycho-Oncology 20: 115–126 (2011)

DOI: 10.1002/pon



It should be noted that heterogeneity existed in
most of the meta-analytic poolings. Consequently,
sensitivity analyses were applied to detect potential
sources of heterogeneity. The variables identified
can be used or considered in the development of
interventions for breast cancer patients and survi-
vors with psychosocial and health-related problems.
However, it is quite difficult to identify the most
optimal exercise program or behavioral technique
based on the data of this meta-analysis. Further
research is needed that provides head-to-head
comparisons of different interventions (elements)
to support practitioners in clinical decision-making.

Conclusion

Behavioral techniques are effective in improving
fatigue, depression, anxiety and stress in breast
cancer patients and survivors. Physical exercise is
an effective intervention to improve fatigue, de-
pression, body-image and HRQoL. Future re-
search is needed on the effect of physical exercise
on stress. In addition, the combined effect of these
interventions deserves further study.
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